This study was investigated whether parental consanguinity in males has an effect on or relationship with some infertile subgroups and some semen and hormone parameters. The charts of 2651 infertile males were evaluated retrospectively for parental consanguinity ratios, sperm counts, motility parameters and hormonal values from the records of 2651 infertile males. In 1260 eligible males the first cousin parental consanguinity ratio was 22.6%. In 119 males with nonobstructive azoospermic (NOA) and 430 males with normal sperm counts, the ratios were 34.5% and 20.9%, respectively (p = 0.002). In the NOA group the parental consanguinity ratios were 27.1% (23/85) and 52.9% (18/34) in males with FSH values of >7.6 and <7.6 mIU/ml, respectively (p = 0.007). In males with normal sperm counts if the parents were first cousins, both sperm counts and motility parameters were significantly reduced when compared with the others. To our knowledge, this is the first study of consanguinity ratios among some infertile subgroups. In males with parental consanguinity lower sperm counts and motility ratios in normozoospermic males and lower FSH levels in the NOA group might show a relation with some genetically transmitted defects.
Introduction
Consanguineous marriages are not rare in some countries, beliefs and regions [1] [2] [3] . In our country, consanguinity among infertile couples and among their parents is not rare. Inbred marriages might increase the rate of homozygous genotype expression [4] (Baccetti B. et al., 2001 ). This increases the risk of recessively inherited disorders. In recent studies it has been suggested that consanguinity is highly correlated with rare genetic sperm defect syndromes [4, 5] . These defects cannot be treated and may be translated to male offspring.
In most studies the evaluated parameter was whether parental consanguinity decreased the conception ratio or number of live births. It is proposed that the incidence of infertility is generally not higher in consanguineous marriages than in non-consanguineous marriages [3] . Suggested reasons are earlier marriage and so longer duration of the reproductive period.
What happens in infertile men? If consanguinity has no effect on fertility potential, no change in the ratio of parental consanguinity should exist. In the study of Inhorn et al. the opposite finding was reported. In males with severe oligospermia and nonobstructive azoospermia the ratio of parental consanguinity at first or second degrees was higher. In that study, subgroups according to sperm counts or other genetics related with infertility were not examined.
In our infertility clinic the consanguinity of parents is evaluated. Our aim was to evaluate whether some infertile subgroups are more or less effected by with first cousin parental consanguinity.
Materials and Methods
The data of 2651 males attending in our infertility clinic in the last 7 years were evaluated retrospectively. They all had been physically examined. All had medical and surgical records, and detailed evaluations like genetic examinations were generally performed when needed. Because of the retrospective nature of the study certain tests were absent in some subjects and sometimes there was reason for exclusion. If the parents of males were first cousins they were accepted as being consanguineous. If their parents were second or more degree cousins or were not related, they were accepted as not being consanguineous.
The male subjects were divided into groups. Group I (n: 458): pellet negative azoospermic males; group II (n: 533): males with a less than 5 million/ml sperm count, including pellet positive males; group III (n: 363): males with a 5 to 14.9 million/ml sperm count; group IV (n: 930): males with >15 million/ml sperm count; group V (n: 119): Klinefelter's syndrome; group VI (n: 65): males with unilateral or bilateral vasal agenesia; group VII (n: 48): congenital hypogonadotropic hypogonadism (CHH); group VIII (n: 135): unilateral or bilateral cryptorchidism.
In group I, 119 cases were objectively diagnosed as nonobstructive azoospermia with both testicular biopsy and chromosomal analysis (46 XY) and they had two testicles (subgroup I). In the other exluded 285 azoospermic cases some reasons were chemotherapy, radiotherapy, anejaculation, obstruction elsewhere in the genital tract, prior orchiectomy or atrophy related to trauma, torsion, etc. In some, biopsy or chromosomal analyses had not been performed or were absent. In groups II to IV, males were excluded from the analyses if they had varicocele, prior varicocele, hydrocele or hernia surgean, ejaculation volume of less than 1.5 ml, had one testicle or any other reasons that might be related with infertility. In the other groups no one was excluded from the analyses.
Semen analyses were performed according to 2002 WHO criteria. However, motility parameters were transformed to 2010 WHO criteria and males with sperm counts > 15 millions/ml were accepted as having normal sperm counts. Morphologic evaluations were not taken into consideration since they were not routinely performed.
Statistical analyses were performed with independent sample t and chi square tests. p values of <0.05 were considered as significant.
Results
In 2651 males, the parents of 627 males (23.7%) and 179 males (4.9%) were first cousins, and second or more degree relatives, respectively. Two hundred and forty five (9.2%) and 201 males (7.6%) were first cousins and second or more degree relatives with their partners, respectively.
Among 2651 males, the data of 1260 were taken into consideration for comparisons following exclusions. In 1260 males, the parents of 285 males (22.6%) and 120 males (9.5%) were first cousins with their partners.
In Table 1 the numbers and consanguinity ratios of all males are shown, and in Table 2 the numbers and consanguinity ratios in evaluable males are shown. In the NOA subgroup the parental consanguinity ratio was higher than in the other subgoups. This was significantly higher than in subgroups III (p = 0.01), IV (p = 0.002), V (p = 0.009), VII (p = 0.004), and VIII (p = 0.043). However, the difference was not significantly higher than subgroup VI males (p = 0.067). The parental consanguinity ratios in males with Klinefelter's syndrome, vasal agenesia and cryptorchidism were about 20%. Parental consanguinity was the lowest with the ratio of 12.5% in the hypogonadal group. However no statistical significance could be found when compared with the other subgroups except for males in the NOA subgroup.
The subgroup of 119 NOA males were cathegorised according to the FSH values as subgroup Ia with FSH > 7.6 mIU/ml and subgroup Ib with FSH ≤ 7.6 mIU/ml (Table 3). The parental consanguinity ratio was significantly higher in males with FSH values less than 7.6 mIU/ml.
In 119 NOA males FSH, LH, TT and total testicular volumes were compared between the males with parental first cousin consanguinity and others. In 41 males with first cousin parental consanguinity and in the other 78 males without consanguinity, mean total testicular volumes were 28.9 + 10. In subgroup II, there were no significant differences when compared for sperm counts and motility parameters between males with and without first cousin parental consanguinity. The same was true for subgroup III males. In subgroup IV (Table 4) , sperm counts, motility ratios and motile sperm counts were significantly decreased in the males with parental consanguinity. Total testicular volumes and ejaculation volumes were not different. In this subgroup when subjects were divided into 15 -29.9, 30 -59.9, and >60 million/ml groups empirically, the first cousin parental consanguinity ratios were 27.1% (39/144), 21.9% (40/183) and 10.7% (11/103), respectively. There were significant differences between the 15 -29.9 million/ml group and >60 million/ml group (p = 0.002), and, the 30 -59.9 million/ml group and >60 million/ml group (p = 0.018). In the 15 -29.9 million/ml group when parents were first cousins sperm counts per ml were less than for the others but statistically insignificant (p = 0.058); however all the motility parameters were significantly worse (p < 0.05 for each). In the 30 -59.9 million/ml group only progressive sperm count per ml was significantly lower in males with first cousin parental consanguinity (p = 0.012). The other motility parameters were also lower but did not reach statistical significance. In males with ≥60 million/ml sperm counts there were no significant differences in terms of motility parameters. 
Discussion
Following strict exclusion criteria, the parental consanguinity of 1260 infertile males was evaluated. In the nonobstructive azoospermic (46 XY, biopsy proven) subgroup the parental consanguinity of the males was highest. In this subgroup total testicular volumes were smaller in nonconsanguineous males but did not reach statistical significance. This might have contributed to the elevated FSH and LH values but TT values were not different. Elevation of FSH generally shows significant seminiferous tubule damage. The lower FSH values in males with parental consanguinity might point to other genetically transmitted defects resulting in azoospermia.
Other interesting findings from our study was the decreased sperm counts, motility ratios and motile sperm counts in men with normal sperm counts who had parental consanguinity. This also might show a genetic background and may be a result of their ancestry being accustomed to inbred marriages in the past; however, we are unable to prove this. It is possible since older generations lived in villages or small towns and consanguineous marriages were possibly higher. In our cases, when taken together, the inbred marriage ratio was 9.5% at the first cousin level. This ratio was 22.6% in their parents.
In males with normal sperm counts, subgroup analyses showed some diverse data. In males with a sperm count of 15 -29.9 millions/ml the parental consanguinity ratio was 27.1% and was higher than for subgoup III with sperm counts of 5 to 14.9 million/ml (20.1%) and less than subgroup II with sperm counts of less than 5 millions/ml (25.2%). Although strict exclusion criteria were applied there might be other reasons for the diminished sperm counts other than genetic reasons. Whatever the case is, it is interesting that males with sperm counts of more than 60 million per ml had the lowest ratio of parental consanguinity (10.7%). This might be stonger evidence showing the deleterious effects of consanguinous marriages on the next generations' reproduction potential.
In the group with Klinefelter syndrome, the parental consanguineous ratio was not higher than that of our infertile population in general. This syndrome has a genetic basis but the risk of translation is almost impossible through natural conception. The supernumerary X chromosome is almost equally transmitted from both the mother and the father [6, 7] . However this possibly does not pose the risk of genetic translation through consanguineous partners.
In males with congenital hypogonadotropic hypogonadism the parental consanguinity ratio was the lowest (12.5%). The reason might be the low prevalence of this syndrome complex (1/4000 -10.000 in males) [8] . There are many mutations in either sporadic or familial form [9] . In our group non of the infertile males had consanguinity with another. We did not evaluate any one or family for the mutations. In the light of new developments we should carefully evaluate and inform consanguineous couples in particular about the possibility of transmission.
How does transmission or mutation occur? Are they sporadic? Possibly this is general not the case in general. Subjects were asked as to whether cousins were uncles' or aunts' offspring. However the number of cases was too small for statistical analyses and power. This might be of another study. As can be seen we have a large pool from which to examine some genetically or sporadically occuring defects. This may encourage other groups to perform studies to discover for these defects, so that possible treatment options may be found.
Subjects were questioned as to whether their siblings and other cousins had infertility problems. If present, the infertile men did not generally know the reason for their infertility problems. Therefore, we could not analyze this finding. A higher number of cases are needed for this kind of evaluation.
There were lots of exluded males, because they all had one or more conditions which might be the reason for their infertility like varicocele, scrotal or inguinal surgery, prior chemo/radiotherapy, orchiectomy (except the reason of cryptorchidism) etc. Our intention was to reduce bias and to point to possible genetic reasons, if possible.
In the studies performed in Turkey more than 20 years ago, the overall parental consanguinity ratio was 21.1% (16.8 to 31.4 in different cities) [10, 11] . Those men are possibly the parents of those who were included in this study. In our study the percentage of all degrees of parental consanguinity was 30.4%. It is difficult to determine if this high percentage is the result of the higher parental consanguinity ratio in infertile males being higher than in the normal population or if it is because the consanguineous marriage ratio is higher in our region because we did not have a control group from the general population. This is also a limitation of our study.
Conclusion
Parental consanguinity might have deleterious effects for the reproductive health of future generations. In our region, further research should be performed since there are a high numbers of cases with parental consanguinity.
